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57 ABSTRACT 
A process is provided for converting feedstock aro 
matic compounds by alkylation, transalkylation, dispro 
portionation and/or isomerization over a catalyst com 
prising a high silica crystalline zeolite which has been 
treated by steps of calcining the zeolite, contacting the 
calcined Zeolite with solid aluminum fluoride, and con 
verting the aluminum fluoride contacted zeolite to hy 
drogen form. 
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CATALYSIS OVERACTIVATED HIGH SILICA 
ZEOLITES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of applica 
tion Ser. No. 581,497, filed Feb. 17, 1984, now U.S, Pat. 
No. 4,530,756, which was a continuation-in-part of ap 
plication Ser. No. 333,370, filed Dec. 22, 1981, now U.S. 
Pat. No. 4,444,902. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a process for converting 

feedstock aromatic compounds comprising benzene and 
monocyclic alkyl-substituted benzene of from 7 to 10 
carbon atoms to product aromatic compounds which 
differ from feedstock aromatic compounds. The process 
comprises contacting, under conversion conditions, said 
feedstock with a catalyst comprising a high silica-con 
taining crystalline material which has been treated by 
steps of calcining the crystalline material, contacting 
the calcined material with solid aluminum fluoride, and 
converting the aluminum fluoride contacted material to 
hydrogen form, such as, for example, by contact with a 
hydrogen ion precursor, e.g., an ammonium salt solu 
tion, and calcination. 

2. Description of Prior Art 
Zeolitic materials, both natural and synthetic, have 

been demonstrated in the past to have catalytic proper 
ties for various types of hydrocarbon conversions. Cer 
tain zeolitic materials are ordered, porous crystalline 
aluminosilicates having a definite crystalline structure 
within which there are a large number of smaller cavi 
ties which may be interconnected by a number of still 
smaller channels. Since the dimensions of these pores 
are such as to accept for adsorption molecules of certain 
dimensions while rejecting those of larger dimensions, 
these materials have come to be known as "molecular 
sieves' and are utilized in a variety of ways to take 
advantage of these properties. 
Such molecular sieves, both natural and synthetic, 

include a wide variety of positive ion-containing crys 
talline aluminosilicates. These aluminosilicates can be 
described as a rigid three-dimensional framework of 
SiO4 and AlO4 in which the tetrahedra are cross-linked 
by the sharing of oxygen atoms whereby the ratio of the 
total aluminum and silicon atoms to oxygen is 1:2. The 
electrovalence of the tetrahedra containing aluminum is 
balanced by the inclusion in the crystal of a cation, for 
example, an alkali metal or an alkaline earth metal cat 
ion. This can be expressed wherein the ratio of alumi 
num to the number of various cations, such as Ca/2, 
Sr/2, Na, K or Li is equal to unity. One type of cation 
may be exchanged either entirely or partially by an 
other type of cation utilizing ion exchange techniques in 
a conventional manner. By means of such cation ex 
change, it has been possible to vary the properties of a 
given aluminosilicate by suitable selection of the cation. 
The spaces between the tetrahedra are occupied by 
molecules of water prior to dehydration. 

Prior art techniques have resulted in the formation of 
a great variety of synthetic aluminosilicates. These alu 
minosilicates have come to be designated by convenient 
symbols, as illustrated by zeolite ZSM-5 (U.S. Pat. No. 
3,702,886). 
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2 
The use of certain zeolites as catalyst components is 

taught in U.S. Pat. No. 4,305,808, for example. 
High silica-containing zeolites are well known in the 

art and it is generally accepted that the ion exchange 
capacity of the crystalline zeolite is directly dependent 
on its aluminum content. Thus, for example, the more 
aluminum there is in a crystalline structure, the more 
cations are required to balance the electronegativity 
thereof, and when such cations are of the acidic type 
such as hydrogen, they impart tremendous catalytic 
activity to the crystalline material. On the other hand, 
high silica-containing zeolites having little or substan 
tially no aluminum, have many important properties 
and characteristics and a high degree of structural sta 
bility such that they have become candidates for use in 
various processes including catalytic processes. Materi 
als of this type are known in the art and include high 
silica-containing aluminosilicates such as ZSM-5, ZSM 
11 (U.S. Pat. No. 3,709,979), and ZSM-12 (U.S. Pat. No. 
3,832,449) to mention a few. 
The silica-to-alumina ratio of a given zeolite is often 

variable; for example, zeolite X (U.S. Pat. No. 
2,882,244) can be synthesized with a silica-to-alumina 
ratio of from 2 to 3; zeolite Y (U.S. Pat. No. 3,130,007) 
from 3 to about 6. In some zeolites, the upper limit of 
silica-to-alumina ratio is virtually unbounded. Zeolite 
ZSM-5 is one such material wherein the silica-to 
alumina ratio is at least 5. U.S. Pat. No. 3,941,871 dis 
closes a crystalline metal organo silicate essentially free 
of aluminum and exhibiting an x-ray diffraction pattern 
characteristic of ZSM-5 type aluminosilicate U.S. Pat. 
Nos. 4,061,724; 4,073,865 and 4,104,294 describe micro 
porous crystalline silicas or organo silicates wherein the 
aluminum content present is at impurity levels. 

Because of the extremely low aluminum content of 
these high silica-containing zeolites, their ion exchange 
capacity is not as great as materials with a higher alumi 
num content. Therefore, when these materials are con 
tacted with an acidic solution and thereafter are pro 
cessed in a conventional manner, they are not as catalyt 
ically active as their higher aluminum-containing coun 
terparts. 

U.S. Pat. No. 4,380,685 teaches para-selective alkyla 
tion, transalkylation or disproportionation of a substi 
tuted aromatic compound to form a dialkylbenzene 
compound mixture over catalyst comprising zeolite 
characterized by a constraint index of 1 to 12 and a 
silica:alumina mole ratio of at least 12:1, the catalyst 
having thereon incorporated various metals and phos 
phorus. Other patents covering alkylation and transal 
kylation include U.S. Pat. Nos. 4,127,616, 4,361,713, 
4,365,104, 4,367,359, 4,370,508 and 4,384,155. Toluene is 
converted to para-xylene in U.S. Pat. Nos. 3,965,207, 
3,965,208, 3,965,209, 4,001,346, 4,002,698, 4,067,920, 
4,100,215 and 4,152,364, to name a few. Alkylation with 
olefins is taught, for example, in U.S. Pat. Nos. 
3,962,364 and 4,016,218 and toluene is disproportion 
ated in, for example, U.S. Pat. Nos. 4,052,476, 4,007,231, 
4,011,276, 4,016,219 and 4,029,716. Isomerization of 
xylenes is taught in, for example, U.S. Pat. Nos. 
4,100,214, 4,101,595, 4,158,676, 4,159,282, 4,351,979, 
4,101,597, 4,159,283, 4,152,363, 4,163,028, 4,188,282 and 
4,224,141. 

It is noted that U.S. Pat. Nos. 3,354,078 and 3,644,220 
relate to treating crystalline aluminosilicates with vola 
tile metal halides. Neither of these latter patents is, how 
ever, concerned with treatment of crystalline materials 
having a high silica-to-alumina mole ratio of at least 100. 
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SUMMARY OF THE INVENTION 

The present invention relates to a novel process for 
converting feedstock aromatic compounds selected 
from the group consisting of benzene, monocyclic al 
kyl-substituted benzene of from 7 to 10 carbon atoms 
and mixtures thereof to product aromatic compounds 
which differ from said feedstock compounds over a 
catalyst comprising a zeolite of altered activity resulting 
from treating the zeolite in a special way. The treatment 
requires calcining the zeolite, contacting said calcined 
material with from about 0.1 to about 1 gram of solid 
aluminum fluoride per gram of crystalline zeolite at a 
temperature of from about 0° C. to about 650 C., and 
converting the aluminum fluoride contacted material to 
hydrogen form, such as by contact with an ammonium 
salt solution followed by calcination. The resulting 
zeolite material exhibits enhanced activity toward catal 
ysis of the present process. 
DESCRIPTION OF SPECIFIC EMBODIMENTS 

Patents issuing from the parent applications of this 
application, i.e., U.S. Pat. Nos. 4,444,902 and 4,530,756, 
are incorporated entirely herein by reference. 
The expression "high silica-containing crystalline 

material' is intended to define a crystalline structure 
which has an initial silica:alumina mole ratio greater 
than about 100:1, suitably greater than about 500:1, up 
to and including those highly siliceous materials where 
the initial silica:alumina mole ratio is infinity or as rea 
sonably close to infinity as practically possible. This 
latter group of highly siliceous materials is exemplified 
by U.S. Pat. Nos. 3,941,871; 4,061,724; 4,073,865 and 
4,104,294 wherein the materials are prepared from reac 
tion solutions which involve no deliberate addition of 
aluminum. However, trace quantities of aluminum are 
'present due to impurity of the reaction solutions. It is to 
be understood that the expression "high silica-contain 
ing crystalline material' also specifically includes those 

* materials which have other metals besides aluminum 
associated therewith, such as boron, iron, chromium, 
etc. Thus, a requirement with regard to the zeolite start 
ing materials utilized in the novel process of this inven 
tion is that they have an initial silica-to-alumina ratio 
greater than about 100 (irrespective of what other mate 
rials or metals are present in the crystal structure). 
The zeolite starting materials utilized herein having 

an initial silica:alumina mole ratio greater than about 
100:1 may be prepared from reaction mixtures contain 
ing sources of various cations. The present process 
provides noted improvement regardless of which cation 
sources are present in said reaction mixtures. Non-limit 
ing examples of cation sources to be used in the manu 
facture of the zeolite starting materials include amines 
diamines, pyrrolidine, onium compounds and com 
pounds containing multiple cationic centers. 
The process of treating the zeolite for use herein is 

simple and easy to carry out although the results there 
from are dramatic. The process involves calcining a 
high silica crystalline material having a silica:alumina 
ratio of at least 100:1, suitably at least 500:1, by heating 
the same at a temperature within the range of from 
about 200 C. to about 600 C. in an atmosphere such as 
air, nitrogen, etc. and at atmospheric, superatmos 
pheric, or subatmospheric pressure for from about 1 
minute to about 48 hours. The calcined zeolite is there 
after contacted with aluminum fluoride at a temperature 
of from about 0° C. to about 650 C., preferably from 
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4. 
about 20° C. to about 550° C. It is noted that the melting 
point of aluminum fluoride is 1040 C. The aluminum 
fluoride treated zeolite may, if desired, be hydrolyzed 
by contact with water at a temperature of from about 
20° C. to about 550° C. When the hydrolyzing tempera 
ture is below 100° C. at atmospheric pressure, liquid 
water may be used. When the boiling point of water is 
exceeded, such as when the hydrolyzing temperature 
exceeds 100° C. at atmospheric pressure, the zeolite may 
be purged with water saturated gas, e.g. helium. The 
aluminum fluoride contacted and, if desired, hydro 
lyzed zeolite is contacted with an ammonium salt solu 
tion, aqueous or non-aqueous, and thereafter calcined at 
a temperature of from about 200 C. to about 600 C. in 
an inert atmosphere of air, nitrogen, etc. at subatmo 
spheric, atmospheric or superatomspheric pressures for 
from about 1 minute to about 48 hours. 

Optionally, the zeolite may be calcined prior to am 
monium salt solution contacting at a temperature of 
from about 200 C. to about 600 C. in an inert atmo 
sphere for from about 1 minute to about 48 hours. Also, 
the ammonium salt solution contacted zeolite may be 
steamed, if desired, prior to the final calcination step. 
Such optional steaming step may be conducted at a 
temperature of from about 450° C. to about 550° C., 
with 20 to 100% steam, for from about 15 minutes to 
about 24 hours. If the optional steaming step is used, the 
steamed Zeolite may, if desired, be again contacted with 
an aqueous or non-aqueous ammonium salt solution 
prior to final calcination. 

In short, the following list of activation steps will be 
followed by the present method: 

1. calcination 
AlF3 contact 
optional hydrolysis 
optional calcination 
NH3+ contact 
optional steaming 
optional NH4+ contact 

8. calcination. 
The amount of aluminum fluoride which is utilized in 

the aluminum fluoride contacting step is not narrowly 
critical but usually from about 0.1 to about 1 gram of 
aluminum fluoride is used per gram of high silica crys 
talline material. The aluminum fluoride may be pro 
vided as a precipitate in solution with the zeolite, such 
as when the zeolite is mixed with an aqueous solution of 
an aluminum salt, e.g. NaAlO2 or Al(NO3)3, followed 
by addition to the mixture of a source of fluoride ions, 
e.g. NH4F in excess. In this fashion, the aluminum of the 
salt is converted to AlF3 in solution, 
The ammonium salt solution contacting step may be 

conducted with an aqueous solution of an ammonium 
salt, e.g. NH4NO3, for a period of time of from about 1 
hour to about 20 hours at a temperature of from ambient 
to about 100° C. The ammonium salt used is not nar 
rowly critical and will normally be an inorganic salt 
such as ammonium nitrate, ammonium sulfate, ammo 
nium chloride, etc. It may also be conducted in non 
aqueous fashion under the same contact conditions such 
as when the ammonium salt is provided in a saturated 
alcohol solvent solution. The alcohol solvents useful for 
this include, as non-limiting examples, ethanol, propa 
nol, butanol and mixtures thereof. 

Hydrolysis and the ammonium salt solution contact 
ing steps may be conducted simultaneously when the 
ammonium salt solution is aqueous. In any event, the 
benefits gained by the ammonium salt contacting step 
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are realized subsequent to the aluminum fluoride con 
tacting step and prior to final calcination. 
Of the zeolite materials advantageously used in ac 

cordance herewith, those having the structure of ZSM 
5, ZSM-11, ZSM-5/ZSM-11 intermediate, ZSM-12, 5 
ZSM-23, ZSM-35, ZSM-38 and ZSM-48 are particu 
larly noted. ZSM-5 is described in U.S. Pat. No. 
3,702,886 and U.S. Pat. No. Re. 29,948, the entire con 
tents of each being hereby incorporated by reference 
herein. ZSM-11 is described in U.S. Pat. No. 3,709,979, 10 
the entire teaching of which is incorporated herein by 
reference. ZSM-5/ZSM-11 intermediate is described in 
U.S. Pat. No. 4,229,424, the entire teaching of which is 
incorporated herein by reference. ZSM-12 is described 
in U.S. Pat. No. 3,832,449, the entire contents of which 15 
are incorporated herein by reference. ZSM-23 is de 
scribed in U.S. Pat. No. 4,076,842, the entire teaching of 
which is incorporated herein by reference. The entire 
contents of U.S. Pat. Nos. 4,016,245 and 4,046,859, de 
scribing ZSM-35 and ZSM-38, respectively, are incor 
porated herein by reference. ZSM-48 is described in 
U.S. Pat. No. 4,397,827, the entire teaching of which is 
incorporated herein by reference. 

Feedstock aromatic compounds converted hereby 
include individually and in mixture benzene and mono 
cyclic alkyl-substituted benzene of from 7 to 10 carbon 
atoms having the structure 

20 

25 

30 

wherein R' is methyl, ethyl or a combination thereof, 35 
and n is an integer of from 1 to 4. In other words, the 
feedstock aromatic compounds may be benzene, ben 
zene containing from 1 to 4 methyl and/or ethyl group 
substituents, and mixtures thereof. Non-limiting exam 
ples of such feedstock compounds include benzene, 40 
toluene, xylene, ethylbenzene, mesitylene (1,3,5- 
trimethylbenzene), durene (1,2,4,5-tetramethylben 
zene), pseudocumene (1,2,4-trimethylbenzene) and mix 
tures thereof. 

Other reactant species may be present, such as for 45 
alkylation. Alkylating agent species include olefins such 
as ethylene, propylene, dodecylene, as well as formalde 
hyde, alkyl halides and alcohols; the alkyl portion 
thereof having from 1 to 24 carbon atoms. Numerous 
other acyclic compounds having at least one reactive 50 
alkyl radical may be utilized as alkylating agents. 

Products of the present conversion process include 
alkyl-substituted benzene compounds which differ from 
feedstock compounds depending upon the conversion 
desired. The following listing presents non-limiting 55 
examples: 

Feedstock Product 
Aromatic Other Aromatic 
Compounds Reactants Compounds 60 
Include Include Include 

Benzene Ethylene Ethylbenzene 
Toluene Methanol Xylene isomers 
Xylene - Different 
isomers, e.g., combination of 65 
9:73:8 wt. ratio xylene isomers, e.g. 
of para:meta:ortho 23:57:20 wt. ratio 

of para:meta:ortho 
Toluene - Benzene and xylenes 

-continued 
Feedstock Product 
Aromatic Other Aromatic 
Compounds Reactants Compounds 
Include Include Include 

Benzene Propylene Cunene and 
diisopropylbenzene 

Touene Propylene Cymene isomers 

Mechanisms of the present process may be isomeriza 
tion, alkylation, transalkylation and disproportionation. 
Disproportionation is a special case of transalkylation in 
which the alkylatable aromatic compound and the tran 
salkylating agent is the same compound, for example, 
when toluene serves as the donor and acceptor of a 
transferred methyl group to produce benzene and xy 
lene. Use of the term transalkylation includes the special 
case of disproportionation. 

In general, the present process is conducted at con 
version conditions including a temperature of from 
about 200° C. to about 760 C., a pressure of from about 
atmospheric (bar) to about 200 atmospheres, a weight 
hourly space velocity of from about 0.08 hr 1 to about 
2000 hr and a hydrogen/feedstock hydrocarbon 
compound mole ratio of from 0 (no added hydrogen) to 
about 100. 
Such conversion processes include, as non-limiting 

examples, isomerizing xylene feedstock components to 
product enriched in p-xylene with reaction conditions 
including a temperature from about 230 C. to about 
510 C., a pressure of from about 3 atmospheres to about 
35 atmospheres, a weight hourly space velocity of from 
about 0.1 hr to about 200 hrl and a hydrogen/hy 
drocarbon mole ratio of from about 0 to about 100; 
disproportionating toluene to product comprising ben 
zene and xylenes with reaction conditions including a 
temperature of from about 200° C. to about 760" C., a 
pressure of from about atmospheric to about 60 atmo 
spheres and a weight hourly space velocity of from 
about 0.08 hr 1 to about 20 hr; alkylating aromatic 
hydrocarbons, e.g. benzene and alkylbenzenes, in the 
presence of an alkylating agent, e.g. olefins, formalde 
hyde, alkyl halides and alcohols, with reaction condi 
tions including a temperature of from about 300 C. to 
about 500 C., a pressure of from about atmospheric to 
about 200 atmospheres, a weight hourly space velocity 
of from about 2 hr-i to about 2000 hr 1 and a feedstock 
aromatic hydrocarbon/alkylating agent mole ratio of 
from about 1/1 to about 20/1; and transalkylating aro 
matic hydrocarbons in the presenc of polyalkylaromatic 
hydrocarbons with reaction conditions including a tem 
perature of from about 340 C. to about 500 C., a pres 
sure of from about atmospheric to about 200 atmo 
spheres, a weight hourly space velocity of from about 
10 hr 1 to about 1000 hri and a feedstock aromatic 
hydrocarbon/polyalkylaromatic hydrocarbon mole 
ratio of from about 1/1 to about 16/1. 

In practicing a particularly desired chemical conver 
sion process, it may be useful to composite the above 
described activity enhanced crystalline zeolite with 
matrix comprising material resistant to the temperature 
and other conditions employed in the process. Such 
matrix material is useful as a binder and imparts addi 
tional resistance to the catalyst for the severe tempera 
ture, pressure and reactant feed stream velocity condi 
tions encountered in many processes. The composite 
may be in the form of an extrudate. 
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Useful matrix materials include both synthetic and 
naturally occurring substances, as well as inorganic 
materials such as clay, silica and/or metal oxides. The 
latter may be either naturally occurring or in the form 
of gelatinous precipitates or gels including mixtures of 5 
silica and metal oxides. Naturally occurring clays which 
can be composited with the zeolite include those of the 
montmorillonite and kaolin families which include the 
subbentonites and the kaolins commonly known as 
Dixie, McNamee, Georgia and Florida clays or others 
in which the main mineral constituent is halloysite, 
kaolinite, dickite, nacrite or anauxite. Such clays can be 
used in the raw state as originally mined or initially 
subjected to calcination, acid treatment or chemical 
modification. 

In addition to the foregoing matrix materials, the 
catalyst employed herein may be composited with a 
porous matrix material such as alumina, silica-alumina, 
silica-magnesia, silica-zirconia, silica-thoria, silica 
beryllia, and silica-titania, as well as ternary composi 
tions, such as silica-alumina-thoria, silica-alumina-Zir 
conia, silica-alumina-magnesia and silica-magnesia-zir 
conia. The matrix may be in the form of a cogel. The 
relative proportions of activity enhanced zeolite com 
ponent and matrix, on an anhydrous basis, may vary 
widely with the zeolite content of the dry composite 
ranging from about 1 to about 99 percent by weight and 
more usually in the range of about 5 to about 80 percent 
by weight. 
The following examples will illustrate the novel 

method of the present invention. 
EXAMPLE 1. 

A high silica-containing zeolite ZSM-5 having a sili 
ca-to-alumina mole ratio of about 26,000:1 (65 ppm 
framework alumina, 110 ppm bulk alumina and 0.23 
percent sodium) was calcined for 30 minutes at 538 C. 

EXAMPLE 2 

A high silica-containing zeolite ZSM-5 having a sili 
ca-to-alumina mole ratio of about 30,000:1 was calcined 
for 30 minutes at 538 C. 

EXAMPLE 3 

A two gram sample of the calcined zeolite from Ex 
ample 1 was impregnated with 163 milligram of NaA 
lO2 (Baker's; 65% NaAlO2, 15-20% NaOH: Assay 
33.2% Na, 57.1% Al2O3 and 84.5% ash) dissolved in 1 
milliliter water. The impregnated material was dried for 
1 hour at 130 C. To the dried material was added 6 
milliliters of aqueous solution containing 0.4 gram 
NH4F which was a large enough excess to convert all 
aluminum from the NaAlO2 to AlF3. The total solution 
was placed in an ultrasonic bath for 1 minute, washed 
three times with 20 milliliters of water, and then dried at 
130° C. The product was then calcined overnight at 
atmospheric pressure and 650° C. The calcined material 
was then exchanged with 1 N NH4NO3 solution, 
steamed at 450° C. for 22 hours (100% steam) and then 
again exchanged with 1N NH4NO3 solution. The result 
ing product Zeolite was again calcined as above. 

EXAMPLE 4 

A 1/16th inch extrudate was made comprising 35 
weight percent alumina binder and 65 weight percent 
ZSM-5 zeolite made in Example 2. The extrudate was 
calcined in a muffle furnace at 538 C. 
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8 
EXAMPLE 5 

An aliquot of the calcined zeolite of Example 4 was 
refluxed in 1N Al(NO3)3 for three hours, filtered and 
dried at 130° C. The aliquot portion was then impreg 
nated with an excess of NH4F solution and filtered. The 
excess NH4F was sufficient to cause precipitation in the 
solution of AlF3. The wet filter cake was then dried at 
130° C. and treated with aqueous solution of NH4NO3 
(1 N). The resulting product zeolite was calcined as 
above. 

EXAMPLE 6 

An sample of the zeolite made in Example 1 was 
treated with 1 N NH4NO3 and calcined at 538 C. 

EXAMPLE 7 

A 2 gram sample of the calcined zeolite of Example 6 
was impregnated with a solution containing 2 grams 
Al(NO3)3.9H2O, dried at 130° C. and then treated with 
an excess of NH4F (sufficient for formation of AlF3 
precipitate). The product was hydrolyzed with hot 
water and then treated with a non-aqueous saturated 
NH4NO3/ethanol solution. After drying, the product 
was calcined for six hours at 650 C. and then again 
exchanged with 1 N NH4NO3 solution. The final prod 
uct zeolite was calcined at 538 C. 

EXAMPLE 8 

The product zeolites of Examples 1, 3, 4, 5, 6 and 7 
were evaluated for acid activity by the Alpha Test 
and/or CPI (cyclopropane isonerization) Test. The 
results of these tests are listed below: 

Zeolite Product 
Example Number Alpha Value CP Value 

0.05 1(1) 
3 1.9 450(2) 
4. 0.2 
5 55 
6 0.05 1 
7 2. 30 

(Estimated value 
(Extensive olefin oligonerization also observed. 

It is observed from this that Alpha Values were en 
hanced by the present method from 0.015 to 1.9, from 
0.2 to 55 and from 0.015 to 2.1, respectively. CPI values 
were enhanced from 1 to 450 and from 1 to 130, respec 
tively. It is also noted that mere ion-exchange of the 
high silica material of Example 1 produced no activity 
enhancement (Example 6). 

EXAMPLE 9 

For comparison purposes, a 2 gram sample of the 
calcined zeolite of Example 6 was impregnated with 450 
milligrams of anhydrous AlCl3 dissolved in solvent 
alcohol (95% ethanol and 5% isopropyl alcohol) and 
calcined at 538 C. for 6 hours in air. One half of the 
resultant product was hydrolyzed in water and calcined 
at 538 C. The second half was treated with 1 N 
NH4NO3, washed, dried at 130 C. and then calcined at 
538 C. 
The two products of this example were evaluated as 

was done for the product zeolites of Examples 6 and 7. 
The results are listed below: 
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Zeolite Product of Product Component wt.% 
Example Number Alpha Value CPI Value Benzene 40 
6 0.015 5 Toluene 0.8 
7 2.1 130 Ethylbenzene 9.3 
9 First Half 2.5 88 p-xylene 17.7 
9 Second Half 0.4 -- m-xylene 39.4 

o-xylene 18.1 
Ethyltoluenes 1.0 

As is known in the art, the acid catalytic activity of a 10 Trimethylbenzenes 2.7 
zeolite may be measured by its "alpha value', which is Other 7.0 
the ratio of the rate constant of a test sample for crack 
ing normal hexane to the rate constant of a standard What is claimed is: 
reference catalyst. Thus, an alpha value= 1 means that 1. A process for converting feedstock aromatic com 
the test sample and the standard reference have about 15 pounds selected from the group consisting of benzene, 
the same activity. The alpha test is described in U.S. monocyclic alkyl-substituted benzene of from 7 to 10 
Pat. No. 3,354,078 and in The Journal of Catalysis, Vol. carbon atoms and mixtures thereof, alkyl being methyl, 
IV, pp 527-529 (August 1965), each incorporated ethyl or a combination thereof, to conversion product 
herein as to that description. The relationship of alpha aromatic compounds which differ from feedstock aro 
value to the intrinsic rate constants of other acid-cat- 20 natic compounds, which comprises contacting said 
alyzed reactions, such as that of the present invention, is feedstock at conversion conditions with a catalyst com 
detailed in Nature, Vol. 309, pp. 589-591, June 14, 1984, position comprising a crystalline zeolite having an ini 
incorporated herein by reference as to that detail. tial silica:alumina moleratio of at least about 100:1 pre 
The CPI Index is a measure of the isomerization 25 pared by a method which comprises calcining the Zee. 

activity of a particular catalyst. The test involves mea- lite at a temperature of from about 200 C. to about 600 
suring the rate of cyclopropane isomerization over the C for Period of time ranging from about 1 minute to 
test catalyst and comparing it against silica-alumina (46 about 48 hours, contacting said calcined zeolite with 
A.I.) as a reference standard. The test procedure in- from about 0.1 to about 1 gram of solid aluminum fluo 
volves utilizing a 5 to 250 mg. catalyst sample having a 30 EP. Site ad Eae E. about 
particle size of 20 to 200 mesh and mixing the same with f d l d i 2 h E. 21 
about 1 ml of Vycor chips. The mixture is loaded into a uoride contacted zeolite to hydrogen form. 
5 mm inside diameter Vycor reactor tube which is 2. The process of claim 1 wherein said zeolite has an 
heated in air at a flow rate of 150 ml per minute to 538 initial silica:alumina mole ratio greater than about 500:1. 
C. and maintained there for 30 minutes. The sample is 35 3. The process of claim 1 wherein said conversion of 
then cooled to 250 C. in helium at a flow rate of 12-80 said aluminum fluoride contacted zeolite to. the hydro 
ml per minute. Cyclopropane (helium/cyclopropane, 4, I topiS.t3. hydro 
vol. to vol.) is then introduced and the reactor effluent r E"E"E"SE"E passesseen ion 
contact time is adjusted to keep the conversion within 40 p 5. The process of claim 1 wherein said zeolite has the 
0.5 to 50%. Since it is well known in the literature that structure of ZSM-5, ZSM-11, ZSM-5/ZSM-11 interme 
the isomerization of cyclopropane is first order, rate diate, ZSM-12, ZSM-23, ZSM-35, ZSM-38 or ZSM-48. 
constants may be determined at several temperatures to 6. The process of claim 5 wherein said zeolite has the 
check for diffusional limitations. Using the above tech- structure of ZSM-5 or ZSM-11. 

y", Earty. To... as "Epitilisherein said ammonium salt SOUOI SaC) 12te. 
This value was arbitrarily assigned an index of 1,000 so 8. The process of claim 1 which comprises an addi 
as to serve as a reference value. Thus, for example, the tional step of hydrolyzing said zeolite subsequent to said 
cyclopropane index (CPI Index) for a candidate catalyst so aluminum fluoride contacting step. 
with a first order rate constant of 0.633 would be deter- 9. The process of claim 6 which comprises an addi 
mined as follows: tional step of hydrolyzing said zeolite subsequent to said 

aluminum fluoride contacting step. 
100X-0633 = 10 10. The process of claim 3 which comprises an addi 

63.3 55 tional step of steaming said zeolite subsequent to said 
contact with hydrogen ion precursor solution and prior 

EXAMPLE 10 to said calcination. 
11. The process of claim 1 wherein said aluminum 

To demonstrate the present invention, a 2 gram quan- fluoride is provided as a precipitate in solution with said 
tity of calcined product from Example 7 is placed in a 60 zeolite from the reaction of an aluminum salt and a 
reactor vessel and contacted with a feedstock com- source of fluoride ions. 
prised of 80% m-xylene and 20% ethylbenzene in the 12. The process of claim 1 wherein said catalyst com 
presence of added hydrogen at a ratio of hydrogen/hy- position is in the form of an extrudate. 
drocarbons of 6.5/1. At reaction conditions including a 13. The process of claim 1 wherein said conversion 
temperature of 428 C., 58.5 WHSV (hr) and a pres- 65 conditions include a temperature of from about 200° C. 
sure of 10.2 atmospheres, 52.5% of the m-xylene and 
50.8% of the ethylbenzene are converted. The product 
is comprised as follows: 

to about 760 C., a pressure of from about atmospheric 
to about 200 atmospheres, a weight hourly space veloc 
ity of from about 0.08 hr 1 to about 2000 hr-1 and a 



4,577,048 
1. 

hydrogen/feedstock hydrocarbon compound mole 
ratio of from 0 to about 100. 

14. A process for converting feedstock aromatic com 
pounds selected from the group consisting of benzene, 
monocyclic alkyl-substituted benzene of from 7 to 10 5 
carbon atoms and mixtures thereof, alkyl being methyl, 
ethyl or a combination thereof, to conversion product 
aromatic compounds which differ from feedstock aro 
matic compounds which comprises contacting said 
feedstock at conversion conditions with a catalyst com- 10 
position comprising a crystalline Zeolite having an ini 
tial silica:alumina mole ratio of at least about 100:1 and 
the structure of zeolite ZSM-5 prepared by a method 
which comprises calcining the zeolite at a temperature 
of from about 200° C. to about 600 C. for a period of 15 
time ranging from about 1 minute to about 48 hours, 
contacting said calcined zeolite with from about 0.1 to 
about 1 gram of solid aluminum fluoride per gram of 
Zeolite at a temperature of from about 0° C. to about 
650 C., and converting said aluminum fluoride con- 20 
tacted zeolite to hydrogen form. 

15. The process of claim 14 wherein said zeolite has 
an initial silica:alumina mole ratio greater than about 
500:1. 

16. The process of claim 14 wherein said catalyst 25 
composition comprises said zeolite and alumina. 

17. The process of claim 14 wherein said conversion 
conditions include a temperature of from about 200° C. 
to about 760" C., a pressure of from about atmospheric 
to about 200 atmospheres, a weight hourly space veloc- 30 
ity of from about 0.08 hr to about 2000 hr 1 and a 
hydrogen/feedstock hydrocarbon compound mole 
ratio of from 0 to about 100. 

18. A process for converting feedstock aromatic com 
pounds selected from the group consisting of benzene, 35 
monocyclic alkyl-substituted benzene of from 7 to 10 
carbon atoms and mixtures thereof, alkyl being methyl, 
ethyl or a combination thereof, to conversion product 
aromatic compounds which differ from feedstock aro 
matic compounds which comprises contacting said 40 
feedstock at conversion conditions with a catalyst com 
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12 
position comprising a crystalline zeolite having an ini 
tial silica:alumina mole ratio of at least about 100:1 and 
the structure of zeolite ZSM-11 prepared by a method 
which comprises calcining the zeolite at a temperature 
of from about 200° C. to about 600° C. for a period of 
time ranging from about 1 minute to about 48 hours, 
contacting said calcined zeolite with from about 0.1 to 
about 1 gram of solid aluminum fluoride per gram of 
Zeolite at a temperature of from about 0° C. to about 
650 C., and converting said aluminum fluoride con 
tacted zeolite to hydrogen form. 

19. The process of claim 18 wherein said zeolite has 
an initial silica:alumina mole ratio greater than about 
500:1. 

20. The process of claim 18 wherein said catalyst 
composition comprises said zeolite and alumina. 

21. The process of claim 18 wherein said conversion 
conditions include a temperature of from about 200° C. 
to about 760 C., a pressure of from about atmospheric 
to about 200 atmospheres, a weight hourly space veloc 
ity of from about 0.08 hr 1 to about 2000 hr 1 and a 
hydrogen/feedstock hydrocarbon compound mole 
ratio of from 0 to about 100. 

22. The process of claim 1 wherein said feedstock 
aromatic compounds comprise benzene and said con 
version comprises alkylation of said benzene. 

23. The process of claim 1 wherein said feedstock 
aromatic compounds comprise toluene and said conver 
sion comprises disproportionation of said toluene. 

24. The process of claim 1 wherein said feedstock 
aromatic compounds comprise xylene isomers and said 
conversion comprises isomerization of said xylene iso 

erS. 

25. The process of claim 1 wherein said feedstock 
aromatic compounds comprise alkyl-substituted ben 
Zene compounds of from 7 to 10 carbon atoms wherein 
alkyl is methyl, ethyl or a combination thereof and said 
conversion comprises transalkylation of said alkyl-sub 
stituted benzene compounds. 

k sk 


